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art I MARIO POSSATI, trading as 
FTNIKE ITALIANA MARPOSS Soc. In 
2^ad taSempliee di Mario Possau & 
C^ltalian Citiien of V,a Satorto. 13 - 
40010 S- Marino - Bentwoglio, (BO), Italy, 
do hereby declare the invention for which 1 
Sr^v that aPatent may be granted to me, and 
?he method I by which it is to be performed to 
be particularly described in and by the fol- 

^'pS^nvention relates to an 

Sfeta^^ 
posiS along Ft of ft^^g 
with measuring means adapted to P«r»« 
indications responsive to the position of the 
first and second referepce means. 

The known apparatuses for measuring the 
tajer of Ena??urfaces generally comprise 
1 ?«4 which also has a taper shape, wherein 
two pau? of Sally movable sensing con- 
tacts are arranged- and placed on twojrans ; 
25 versa? planes a! a known distance apart. The 
' ^ntacu of each pair are diarnetrally oppo- 
sUe wfh reject P to the case axis s and they 
VZLh the surface to be measured at points 
which 2e substantially opposite with respect 
the surface axis. Each of the contacts is 
conSecte?to an associate* Imim ijgj; 
or each pair is connected to a respective 

" Thetp^vSue is obtained by processing 
the signal supplied by the measuring he ads^ 
Thf gaugesof this type are unusable when 
the diametlr of the cross section of *^P" 
surface in the measurement planes £ smaller 

b °The reason is that the dimensions of the 
fingers which connect the sensing contacts to 
45 "he arm-sets of the measuring heads cannot 
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fall below certain values, and too lonefingers 
tSuld be subj ect to deformans b> *»feg 
srress and so provide unreliable measure 

"ThissStionwmtakeplace. 
when measuring the taper of the end surface 
of an Ejector body of a Diesel engine; the 
SfSS ISrfacc of a typical .injector body . 
comprises a cylindrical part with a diameter 
of 3mm., said cylindrical 9™*™*£* J 
truncated cone part about 2mm deep witha 
smaller diameter of 1™-^* VfKT 
of about 40mm. from the b^^ ™^ 
li is also known to manually measure tne 
taoer of surfaces of this type at a bench- by 
clamp& the workpiece to a bracket so that 
the^Ssof the taper surface perpendicular 
m * bracket reference plane, then a samll 
cohere of a suitable diameter is inserted untd 

a eauge the penetration depth is measure a 
thlreffter this operation is repeated by using 
T^here of a different diameter. According ■ 
w the radius of the spheres and depending on 
the [ penetration depV it will be possible to 

calculate the taper value. 

Th f measuring procedure apart from 
requiring considerable time, should be per- 
formed by a skilled operator; thus « s rather 
exoensive if it has to be repeated for several 
w^rkpYeces, for example, In order to select 

,h An" object of the present invention is to 
pro^de 2 ?aPP^t«s P forthemea^rementof 
°a P er which measures very rapi<Uy. supplies a 
direct indication of the taper, may be used J by 
nraSkfflSd operators andis rugged, accurate 

"aESE SbjEi is to provide an apparatus 
for the measurement oftaper that is suitab e 
. to Vauee the taper of internal surfaces whose 
SaSvSS sections have very small diarnet. 
ere less than 10mm.. or which are distant 
from the workpiece face, because for exam- 
ple, they arc at the end of a bore. 
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According to the invention, there is pro- 
vided a gauge apparatus for checking the 
taper of a conically tapered surface ot a 
workpiece, comprising: 

support means; . 
6ist mechanical reference means for con- 



tacting the tapered surface around a first cir 
cumference thereof lying in a plane perpen 
dicular to the cone axis of the tapered sur- 
l n face, the circular cross-section of the tapered 
surface in said plane having a pre-set diame- 

te second mechanical reference means for 
contacting the tapered surface around a sec- 

15 ond circumference thereof lying in a second 
nlane perpendicular to the cone axis of the 
tapere5 surface, the circular cross-section of 
the tapered surface in said second plane hav- 
ing a second different pre-set diameter; 

20 first connection means mounted on said 
support means and carrying said fust 
mechanical reference means, the first con- 
nection means being arranged to P £im,t ^ 
placements of the first mechanical reference 

25 means relatively to the support means along 
a eauge axis of the apparatus with which axis 
the cine axis of the workpiece is at least 
approximately aligned during checking of us 

30 "Second connection means mounted on said 
support means and carrying the second 
mechanical reference means, one of the first 
and second connection means being mova&ie 
with respect to the support means to permit 
35 displacements of the respective mechanical, 
reference means in a plane substantially per- 
pendicular to said gauge axis; and . 
P measuring means coupled to said support 
means and to said first connection means for 
40 providing a measurement signal responsive 
to said displacements along said gauge axis. 

One arrangement according to the inven- 
tion will now be described in further detail by 
way of example with reference to the accom- 
45 panying drawings, in which-- 

Fig 1 is a side view partially in section, of a 
preferred embodiment of an apparatus for 
measuring the taper of internal tapered sur- 

50 ^FLg- 2 is a longitudinal enlarged section of 
part of the apparatus of Fig. 1. 
V Referring to Fig. 1. the apparatus com- 
prises a support 10 which cames a body 12. 
the body 12 has a recess 14 therein » 

55 measuring head 1 6 is located. Head 6 has a 
protection and support shell 18 having sub- 
stantially a cylindrical- shape housed with 
Sht pl»y within recess 14- Within the shell 
there is contained a measurement transducer 

60 20 of the differential transformer type 
formed by electric windings 22 fixed to shell 
18 and by a movable set comprising a core 24 
carried by shaft 26. Shaft 26 slides within two 
bushings 28. 30 fixed to shell 18; the shaft 

65 protrudes from ne end of the shell passing 



through a drilled plate 32 and an elastic seal- 
tight gasket 34. . , 

Shaft 26 is urged outward by a spring 36 
placed between bushing 28 and a stop 38 
fixed to the shaft; a stop ring 40 mounted at 70 
the internal end of the shaft restricts the 
movement caused by spring 36. 

The windings 22 are connected to an elec- 
tric power supply in processing and indica- 
tion unit 42 by means of conductors 44 which 75 
emerge from shell 18 by passing through a 
hole 46. The second end of the shell 18 is 
closed by a cover 48; the end part of the shell 
is threaded externally and is matched to a 
bushing 50 which has a threaded recess 5Z. eu 

A fork plate 54 is inserted within a groove 
56 provided in bushing 50 and its ends 58 are 
fixed to support 10; the ^^J.f"^ 
surface of the terminal part 60 of bushing 50 
is knurled .so it can be easily handturned. 53 

In the upper part of body 12 there* a 
threaded hole 62 wherein a dowe 64 _is 
screwed; the end of the dowel penetrates into 
a longitudinal groove 66 provided in shell I 8. 
A spring wire 68 is welded to the external 90 
end of shaft 26. so that the wjre it aligned 
with the shaft; a spherical body 70 is welded 
to the free end of wire 68. The section of wire 
68 is such that the wire is flexible but inex- 

tS ^pWite 72 with a central bore 74 is fixed to 
body 12; a tube 76 coaxial with the wire 68 is 
welded to plate 72 around hole 74 and apart 
spherical body 78 is welded to the tube end; 
body 78 has a hole 80 aligned to the tube. 100 

The diameters. of the bores 74 and 80, just 
like the inside diameter of tube 76. are sub- • 



stantially the same and only slightly larger 
than the diameter of the spherical body 70. 

As may be seen in the drawings, wire 68 is iua 
internal and coaxial with respect to tube 76 
and the spherical body 70 projects out of the- _ 
part spherical body 78; for each relatwe.ppsi- 
tion of the two spherical bodies there is a 
definite taper surface which is tangential to r w 

both the bodies. . . ^^ tnr . 

A workpiece 90. consisting of an injector 
body for Diesel engines, is shown in the 

m To"£l £ace°the injector bod/has not 115 
been shown in its full length; the distance 
between the front surface 92 and the end 
taper surface 94 to be checked is consider- 
ably longer than it appears to be in the fig- 
ures. and this also applies to the length of 
tube 76 and of wire 68- . 

Fie. 2 shows the measuring principle . Hie 
bodies 70 and 78 are both in cotnact with the 
truncated cone surface 94 of the workpiece 
90. around respective circumferences. 

The radii of the spherical surfaces of 
bodies 70. 78 are r and R respecuvely. and . 
the distance between centers B. C of ae wo 
bodies is h; the distance of center B «om 
apex D of the taper surface 94 is a; E and F 
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are two contact points of the surfaces of the 
two bodies with surface 94 in a longitudinal 
section plane. . r^cr> ^ 

As the angle DfeB of tnangle DEB is a 
5 right angle, and if ihe angle BDE of the same 
tnanele is a, we have: smda = r /a (1) 

As the triangles DEB and DFC are similar, 
it is possible to'write this proportion between 

10 t°=S +° h) '7ft "rom' which, by obtaining 

a = h r / (R - r) and by substituting the value 
of a in (I) : sin a - (R - r) / h (2) 
Thus, sin a is inversely proportional to 
i s distance h; if h is determined it is obvious that 
the value of the angle 2a at the vertex of the 
taper surface may easily be obtained. 

The operation of the gauge is as follows : in 
the absence of workpieces .to be checked. 
20 spring 36 urges the shaft 26 outward (to the 
right «n Fig- 1) till stop ring 40 touches bush- 
3*28; thus the spherical body 70 reaches its 
limit position in which it protrudes to the 
farthest extent beyond the spherical bodv 78. 
15 The two bodies 70, 78 define a taper surface 
25 tangential to both; as the distance h ^between 
the centers of the bodies is then the max- 
imum that can be reached for pre- 
established fixed values of R i .this posmon 
30 represents the minimum angle 2a at the ver- 
tex of the taper surface which can be meas- 

U1 Bv applying pressure on the spherical body 
70 in Se direction of the axis of tube 76. shaft 
35 26 is pushed to inward (towards the left in the 
figure) till spring 36 is totally compressed; 
XJuenrty thl spherical body 70 . reaches 
the limit position in which it is closest to 
spherical body 78. Distance h between the 
4b . centersof the bodies is now.the mu« mu rn 
.that can be reached and the angle 2c t at the 
vertex of the taper surface is the widest that 
can be measured with the pre-established 
values of R and r. . . . 

4 5 The values of r and R and thus the nominal 
value of h are chosen depending on the nom- 
inal value of the angle 2o to be measured and 
on the diameter'of *e two cross sections of 
• the taper surface at which ,t .s desired that 
50 contact with the .two spherical bodies shall 

" It is advisable that the values of r and R be 
such that for the nominal angle 2a the value 
-of h is intermediate betwen the two limit 
55 ".' values mentioned above. Once these values 
Uave been chosen it is possible to proceed 
with the manufacture and assembly of the 
various elements (spherical bodies, wire. 

60 tU Vor example . to measure the taper .of sur- 
face 94. of an injector body whose vertex 
angle 2a has the nominal value of 60 . a 
gauge has been manufactured in which the 
values of r and R are respectively 13 and 3 

65 mm. distance h. for a nominal taper, is 1.5 
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mm, the diameter of bore 80 is 2 mm, .the 
diameter of wire 68 is 0,6 mm and the length 
of the wire is 50 mm. , . . 

After the fixing of rube 76 to body 12^he 
head 16. to whose shaft 26 the wire 68 with 
its spherical body 70 is already welded lis 
inserted in recess 14; dowel 64 is then 
screwed in so that Its end enters groove 66 in 
such a way as to prevent rotation of head 16 
while leaving it free to slide m a longitudinal 75 

^Heldld is inserted till body 70 protrudes 
from bore 80, and then bushing 50 « screwed 
inward on the end of shell If and the fork 
plate 54 is inserted in groove 56 and fixed to 

5U The rt ga2ge may be operated either in a 
manual or in an automatic way; in the first 
™£ workpiece 90 is picked up by the 
operator and pushed into the measuring pos- 
ition, shown in Fig. 1- '. . 

If the pressure that the operator applies to 
the workpiece is substantially in the direction 
of the tube 76 axis, the workpiece will auto- 
matically settle so that the contact between 
the spherical body 78 and surface 94 occurs 
around a circumference. At the same time 
the spherical body 70 is pressed bv the work- 
S«e P Sd pushed towarSs body 7§; *e force 
that is applied to body 70 must be sufficient 
to overcome the thrust of spring 36. 

The dimensions of spring 36 and those of 
the steel wire 68 are chosen so thauhe force 
necessary to compress the spring is consider- 
ably smaller than the force required to bend 
the wire. Therefore there is the certainty that 
the wire remains substantially straight when 
measurement is taken. m .. r 

In order to zero set the gauge a master 
workoiece is pushed onto tube 76 and kept 
pressed so that the taper surface 94 contacts 
the body 78 around a circumference 

By rotating bushing 50 it is possible to 
move head 16 forward or backward till it 
takes up a position like the one shown in Fig. 
1 when core 24 is in a substantially central 
position with respect to findings 22 and ^hus 
the value of the output signal of the trans- 
ducer is zero or very close to zero. . 

Bushing 50 cannot move in the.direcnon of 
shaft 26. therefore its rotation causes move- 
ment of shell 18, which is unable to rotate 
since dowel 64 is inserted in groove 66 along 
the direction of shaft 26->d«anon that a 
position such as is shown in F.g. 1 ******* 
reached is displayed by a readout meter 
comprised in unit 42; when the needle is in 
theceniral zero position turning of bushing 
50 is stopped and dowel 64 is screwed ^nuntS 
it clamps the shell 18 with respect to body 12. 

The accuracy that is obtained by move- 
ment of the shell in this way is not too pre- 
rise" a fine zero settingis effected electrically 
bv using potentiometers which have control 
knobs placed beside the readout meter of 
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unit 42. 

Now the gauge is ready to measure ihe 
workpieces; this operation consists in push- 
ing the injector body onto lube 76 till the end 
5 taper surface 94 meets body 70, pushes it 
towards body 78 and rests against oody 78. 
The value of the signal supplied by trans- 
ducer 20 is proportional to the difference of 
the present distance between the centres of 
1 o bodies 70, 78 and the corresponding distance 
when the master workpiece was applied". 

The signal phase, which determines the 
direction of movement of the meter needle to 
one or the other side from the central zero 
15 position, indicates that the vertex angle of 
the taper surface is bigger or smaller than the 
nominal angle, and it depends on the fact that 
body 70. and thus also core 24. is shifted 
from its nominal position towards one or the 
20 other of the two limit positions above stated. 
On the 'meter scale the 'values of vertex 
angle 2a can be directly displayed, instead of 
the sin a values. Of course, in this case the 
meter scale or the meter drive are not linear. 
25 In the manufactured gauge, having the 
values of r. R and the nominal value of h 
previously indicated and with a nominal ver- 
tex angle of 60°. the sensitivity is approx 12' 
of the angle per 5 microns of variation of 
30 distance h. and since the axial displacement 
accuracy of head 16 can be within 0.3 to 0-4 
microns, it is possible to detect taper errors of 
1' approx. Connection of the spherical body 
70 to shaft 26 by means of a steel wire 68 
35 enables the center of body 70 to perform 
small movements substantially in a plane 
perpendicular to the axis of tube 76 up to the 
amount permitted by the radial play of wire 
68 or of body 70 with respect to tube 76 or 
40 -body 78. 

This characteristic is very important as it 
avoids positioning problems and will always 
guarantee measurement accuracy. In fact, 
were body 70 unable to move transversely of 
45 .the axis of tube 76. as would happen if con- 
nection wire 68 were rigid, "but were' only 
able to move in the direction of the axis, a 
.correct measurement woul only be obtained 
if the axis of the tapered surface 94 were 
50 exactlv aligned with the tube axis. With the 
bodv 70 able to move laterally, the centers of 
the two bodies 70, 78 are always located on 
the axis of the taper surface, even if the 
workpiece is slightly misaligned with the axis 
55 of the tube 76. Therefore, the contact bet- 
ween the same bodies and the taper surface 
still occurs around two respective circumfer- 
ences and the geometric relationships discus- 
sed before with reference to Fig, 2 remain 
60 valid. 

' If the mounting of the body 70 were rigid, 
and the axis of the taper surface were mis- 
aligned with the tube axis due to inaccurate 
' positioning of the workpiece, only one of the 
65 two centers of bodies 70. 78 would lie on the 



taper surface, axis; therefore the surface of 
the other body whose center did not lie on 
the taper surface axis would contact the taper 
surface at a single point instead of around a 
circumference and thus the geometric rela- 70 
tionship discussed above would no-longer be 
valid and the measurement would be unreli- 

able * . u- u • 

It is clear that the use of a wire 68 which is 

resilient in the transverse direction will 75 
ensure considerable time and cost saving, 
both in the case of measurements carried out 
in a completely automatic way. because abso- 
lute positioning accuracy is not required, and 
also in the case of measurements carried out 80 
manually, because it is not necessary to emp- 
loy a highly skilled operator. 

The possible moving of body 70 away from 
the tube 76 axis and the bending of wire 68 
do not cause significant measurement errors, 8 5 
as has been experimentally proved, because 
the consequent axial displacements are of an 
order of magnitude smaller than the radial 
displacements which caused them. 

The measurement operation may easily be 90 
automated by providing the apparatus with a 
device which picks up the workpieces from a 
loader, urges them towards the apparatus 
and. after the measurement has been taken, 
deposits them in an outlet shute. The device 95 
carrying the workpieces and urging them 
towards the apparatus will float, in order to 
ensure that each workpiece can settle itself 
with respect to the part spherical body 78 and 
in this manner guarantee that contact bet- 100 
ween the latter and the taper surface 94 
" occurs around a circumference. 

As a variant, a floating connection may be 
utilized between the shell 12 and the support 
10. 105 

A possible modification of the apparatus 
consists in utilizing a rigid shaft instead of 
flexible wire 68 and in mounting the spheri- 
cal body 70 so that the center of body 70 may 
move transversely in a plane perpendicular 110 
to the shaft axis. This mounting may be 
effected by fixing a small disk at the end of 
the rigid shaft, with the disk faces perpen- 
dicular to the shaft axis, and inserting the 
disk into a suitable (disk-shaped) recess in H5 
the spherical body; the recess radius will be 
greater than the aisk radius, so that there is 
play between the peripheral surface of the 
disk and that of the recess. * , t 10A 

The spherical body may then settle with 120 
respect to the taper surface 94. by moving 
transversely by sliding of the body recess 
faces with respect to those of the disk; on the 
other hand, the spherical body fully transmits 
axial displacements to the rigid shaft. 125 

Another mounting may be affected by 
rigidly fixing spherical body 70 to a short 
axial pin and by coupling the other end of the 
pin to the rigid shaft end through a spherical 
joint which allows the pin. and also the body l^u 
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70, to make universal angular movements on 

lh VVUh^his structure too body 70 transmits 
the axial movements to the shaft, but remains 
5 free to settle itself with respect to the taper 
surface 94 by effecting transverse displace- 
ments as permitted by the spherical jount 

The unit 42 can include circuits which, 
depending on the value of each measure- 
in ment, control output devices that separate 
the workpieces into different categories. 

According to a further possible modific- 
tion, the spherical bodv 70 is stationary being 
coupled to support 10 and the body 78 can 
i s move axially being coupled to the moving set 
15 of the measuring head. In this case.** 
tapered surface 94 rests on stationary body 
70.pushingbody 78 and moving it 
body 70- The measurement signal has the 
20 same value and therefore unit 42 need not be 

" The apparatus may be modified for check- 
ing external taper surfaces. For this purpose 
bodies 70, 78 are replaced by elements defjn- 
25 ing two surfaces of revolut.cn coaxial I with 
Z each other and tangential to the tapered sur- 
face to be checked. 

For example, it is possible to employ two 
woups of spherical contacts the first group 
30 Being arranged inside tube 76 and the second 
arranged around a hollow member coupled 
to fhe%nd of wire 68. the length of wire , 6& 
will be such that the second croup of contacts 
cooperates with a section of the | tapered ^sur- 
35 Shaving diameter 2r .while the first ; group 
cooperate! with a section having diameter 

2l Vhert may be three contacts in each group 
eouiangularly spaced at 120' from one 

40 another. ^ 

WHAT I CLAIM IS:- 
1 A gauge apparatus for checking tne 
taper of a conicallv tapered surface of a 
workpiece. comprising: 
45 support means; 

first mechanical reference means for con- 
tacting the tapered surface around a firsr cir- 
cumference thereof lying ui a plane peipen- 
. dicular to the cone axis of the tapered sur- 
50 face . the circular cross-section of the tapered 
surface in said plane having a pre-set dlame- 

" second mechanical reference means for 
contacting the tapered surface around a sec- 

55 ond circumference thereof lying in a second 
plane perpendicular to the cone axis of the 
tapereS surface, the circular cross-section of 
the tapered surface in said second plane hav- 
ine a second different pre-set diameter; 

60 first connection means mounted on said 
support means and carrying said first 
mechanical reference means, the first con- 
nection means being arranged to permit dis- 
placements of the first mechanical reference 

65 means relatively to the support means along 



a gauge axis of the apparatus with which axis 
th% cone axis of the workpiece is at least 
approximately aligned during checking of its 

"Second connection means mounted on said 70 
support means and carrying the second 
mechanical reference means, one of the first 
and second connection means being movable 
with respect to the support means wwraj 
displacements of the respective mechanical 75 
reference means in a plane substantially per- 
pendicular to said gauge axis; and 

measuring means coupled to said support 
means and to said first connection means for 
providing a measurement signal responsive 
to said displacements along said gauge axis. 

2 An apparatus according to claim l, 
■wherein said measuring means comprises a 
measuring head including a measuring trans- 
ducer, th! measuring transducer comprising 
means fixed to said support and cooperating 
means moving along the gauge axis with said 
first mechanical reference means, tne 
apparatus further including processing and 
indicating means receiving the signals pro- 
vided by the transducer. . 

3 An apparatus according to claim 1 or 
claim 2, wherein said first connection ^means 
comprise a resiliency flexible metal wire 
extending generally along the gauge axis and 
mounted on the support means, for .move- 
ment endwise along said gauge axis, said we 
carrying at one end the first reference means. 

4 An apparatus according to any one of 
claims 1 to 3, wherein said second connection 
mea^s includes a substantially cylmdncal 
tubular rigid member extending along the 
gauge axis and having one end mounted on 
the support and the other end carrying said 
second reference means. 

5 An apparatus according to claim 4, 
wherein said first reference means comprises 
a first spherical body, and said second refer- 
ence means comprises a second part- 
spherical body of a different diameter 
Kgh which* is a hole coaxial witfc .the 
gauge axis and the axis of said tubular 

m An apparatus according to claims .3 
and 5. wherein said tubular member sur- 
rounds the flexible wire, the flexib e w re 
Eg movable along the axis of said tubular 

member. atuJ accord ing to claim 3. or 
claims 3 ancft. or claims 3 and 5. or claim 6. 
wheTein said displacements in a plane sub- 
stantially perpendicular to the gauge axis 
SSr by bending of the flexible wire 

8 An apparatus according to claim 2. or 
claim 2 and any one of claims 3 to 7. further 
cSrisfng adjusting means for adj usting the 
position of the measuring head along the 

gauge »^ s - lus accor ding to claim 5 or 
claim 6. or claim 5 and either of claims 7 and 
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8. for checking the taper of the body of an 
injector for diesel engines, wherein said 
spherical bodies have diameters permitting 
the bodies to contact the tapered surface of 
5 the injector body around circumferences of 
said surface that are spaced along the cone 
axis of the tapered surface, the tubular 
member and the first connection means hav- 
ing lengths permitting the insertion of the 
1 0 spherical bodies into the bore of the injector 
body for contacting the tapered surface. 

10. An apparatus for checking the taper 
of a tapered surface of a workpiece, substan- 
tially as described with reference to the 
15 accompanying drawings. 
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